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represent relational database associations.
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SYSTEMS, METHODS, AND COMPUTER PROGRAM PRODUCTS TO MODIFY THE GRAPHICAL
DISPLAY OF DATA ENTITIES AND RELATIONAL DATABASE STRUCTURES

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention is directed to the field of graphical displays
of database information. It is more particularly directed to efficiently
modifying the graphical display of a typically large number of data

objects.

Description of the Background Art

A computer-implemented database is a collection of data, organized
in the form of tables. A table typically consists of columns that
represent data of the same nature, and records that represent specific
instances of data associated with the table. A relational database is a
database that may be a set of tables containing information that is
manipulated in accordance with the relational model associated with the
data. The product marketed under the trademarks IBM DB2 stores the data
associated with the database in tables, and each table has a name.

On-Line Analytical Processing (OLAP) is a computing technique for
summarizing, consolidating, viewing, analyzing, applying formulae to, and
synthesizing data according to multiple dimensions. OLAP software enables
users, such as analysts, managers, and executives, to gain insight into
performance of an enterprise, such as a corporation, through rapid access
to a wide variety of data dimensions that are organized to reflect the
multidimensional nature of enterprise data, typically by means of
hypotheses about possible trends in the data. More particularly, OLAP
techniques may be used to analyze data from different viewpoints by
identifying interesting associations in the information in a database.
Therefore, OLAP.ls a decision support technique used in data management

&

for the purpose of modeling and analyzing-buéiness information.

An increasingly popular data model for OLAP applications is the
multidimensional database (MDDB). Often, data analysts use MDDBs during
interactive exploration of business data for finding regions of anomalies

in the data. Before this data can be explored, modeling needs to be
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enabled for the business. Modeling a business for an OLAP application may

require typically large amounts of metadata including data entities.

In the past graphics tools have used objects, such as rectangle
displays, to represent data entities, such as relational database tables
and OLAP data. The objects are displayed so that they present the
relationships between the data contained in the relational database tables
and between the OLAP data. It is useful to represent these data entities
with as much contextual information as possible to enhance the
presentation of the data for use in data modéling and analysis. Given the
large amount of OLAP data associated with databases, such as
multidimensional databases and relational databases, there may be many
objects in the graphical representation. Further, the objects may be
manipulated by techniques such as enlarging, minimizing, and moving the
objects within the graphical display during creation and manipulation of
the business data model. Some of the problems caused by object
manipulation during the analysis of the data entities in a graphical
display are that representations of the objects may be obscured or
difficult to read, and that the contextual reference of the objects may be
lost.

For example, scrolling of the graphical display windows typically
assoclated with the presentation of the objects allows other objects to be
viewed but has the disadvantage of losing the contextual reference for
some of the objects. That is, during scrolling some of the objects may
not be visible to the user, thereby losing the contextual reference of
those objects. Also, zooming out operations to enable viewing of more
objects in the graphical display typically results in the indiscriminate
reduction in the size of individual objects. This has the disadvantage
that the text within the individual objects is typically rendered too
small to read so that the user must repeatedly zoom in to see details of
the objects and zoom out to view the contextual relationship of the

objects.

Yet another example of the difficulty of managing the graphical
display of a large number of data entities occurs when the user is allowed
to move the objects thereby enabling flexibility in graphical display but
having the disadvantage that the user must constantly reposition the
objects as they are expanded and minimized. For example, when a large
number of objects are moved, typically one or more of the moved objects
obscures the display of other objects thereby reducing contextual
information on the graphical display. This type of operation also may
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require the user to iteratively expand and minimize objects to maintain

the information about the contextual relationship of the moved objects.

It would therefore be useful to be able to efficiently analyze
typically large amounts of entity information with a graphical display
that retains all or most of the relevant contextual information and
minimizes distortion of the graphical display. More particularly, when
employing OLAP processing techniques that manipulate objects it would be
useful to be able to efficiently analyze multidimensional data with a
graphical display that minimizes the disadvantages associated with current
graphical displays. From the foregoing it will be apparent that there is
still a need to improve the graphical display of a typically large number
of objects to retain contextual information and minimize graphical display
distortion thereby enhancing analysis of the objects and the associated
data by techniques such as data mining of relational database information
and OLAP data.

SUMMARY OF THE INVENTION

An embodiment of the present invention relates to systems, methods,
and computer products that efficiently present typically large amounts of
entity information in a graphical display that retains all or most of the
relevant contextual information about the entities. More particularly,
the preferred embodiment of the present invention enables efficient
analysis of data with a graphical display that improves data analysis by
minimizing distortion of the text in the graphical display, retaining
contextual information associated with data objects in the graphical
display, and positioning the objects to optimally represent relational
database associations. Techniques of the past have not been able to
sufficiently improve the graphical display of a typically large number of
objects that may be used with data analysis techniques such as data mining
of relational database information or multidimensional data, and OLAP
data.

The preferred embodiment of the present invention employs a
technique that enables expansion of some objects that represent entities
while also presenting other non-expanded objects within the graphical
display in a manner that retains all or most of the contextual
information. The preferred embodiment of the present invention may rely
on a typical star schema layout of data entities that includes a facts
object, typically containing a single facts table, in the center of the

display surrounded by dimension objects. A star schema is a set of
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relational tables including multiple main tables, sometimes referred to és
fact tables, and related dimension tables wherein the dimension tables
intersect the main tables via common columns and wherein the dimension
tables are each associated with a column in the main tables corresponding
to each of the rows in the dimension tables. Because a star schema is
simple, having few tables, it minimizes the complexity required to process
database operations. This helps both to increase performance speed and to
ensure correct results of database operations. Therefore many relational
databases have been built in a star schema configuration to minimize

database management overhead.

More particularly the star schema comprises fact tables, which are
joined to one or more dimension tables according to specified relational
or conditional operations. The fact tables hold measurement data, while
the dimension tables hold attribute data. The dimension tables are

usually joined to the faét tables with an equivalence condition.

The preferred embodiment of the present invention takes advantage of
the star schema configuration to manage graphical display enlargement and
movement of at least one object within a particular area when the object
is expanded. That is, the affinity of objects in the same area is
recognized and exploited by the preferred embodiment of the present
invention that modifies objects that are contained in the area that
includes an expanded object and that are therefore associated with the
expanded object. The preferred embodiment of the present invention
novelly represents the star schema configuration by areas that represent
fact objects or dimensions, and an affinity between associated objects in

the area is identified and represented in the graphical display.

The preferred embodiment of the present invention splits the
graphical display into three areas: a left area, a center area, and a
right area. The facts object is placed in the center area and the
dimensions are distributed between the left area and the right area. It
will be understood that the present invention may operate on a differént‘
number of areas, either less than or greater than three areas. When an
object is expanded it causes the associated area to also expand, which
causes the neighboring areas and their contents, such as objects, to
adjust their position, typically by moving, to minimize distortion and to

retain contextual information.

In the preferred embodiment of the present invention the point of

origin of the graphical display is the upper left corner of the graphical
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display. Further and since the point of origin is the upper left corner,
the objects contained in areas that are not expanded, and presumably not
being analyzed, are moved to the right, and i1f necessary are moved out of
the viewing area of the graphical display. It will be appreciated that
the present invention may be embodied in a graphical display that
represents greater than two dimensions. Therefore the movement may be in

vertical, horizontal, or other directions.

Also, in one embodiment of the present invention that relies on the
star schema configuration, the objects in the left area are right aligned
and the objects in the right area are left aligned. The objects in the
center area are center aligned. This helps optimize the representation of
connecting lines in the graphical display that are used to illustrate
associations between the facts objects and the dimension objects. That
is, positional justification of objects to ensure that the objects are
grouped toward the center of the graphical display reduces the instance of

connecting lines crossing over other connecting lines.

An embodiment of the present invention is achieved by systems,
methods, and computer products that improve the graphical display of a
large number of objects that may be used with data analysis techniques
such as data mining of relational database information, multidimensional
data, and OLAP data. A method comprises: (a) identifying the entities in
a collection of data, (b) mapping the entities to objects that are
represented in a graphical display, (c¢) identifying the objects in at
least one area; (d) associating the objects within each area together by
technigques such as showing connecting lines that illustrate associations
between objects; (e) as necessary and to respond to manipulation of an
object within an area, minimizing display distortion and retaining
contextual information by: (i) enlarging or reducing the size of the
area, and moving and realigning the other objects within the same area,
(ii) moving objects in other areas that have not been adjusted in size to
accommodate change in the area containing the manipulated object, and
(1iii) adjusting the position of objects within other areas, both in the
horizontal direction and in the vertical direction, to accommodate the new

position of objects in the area that underwent a size change.

An embodiment of the present invention novelly divides the graphical
presentation into areas and allows objects to be manipulated independently
within each area. This provides added flexibility whén attempting to
present many objects concurrently. It will be appreciated that the

operation of the present invention is not limited to a relational
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database, a multidimensional database, or OLAP applications but may be
applied to any computer-based graphical presentation that includes a large
number of objects. Other aspects and advantages of the present invention
will become apparent from the following detailed description, taken in
conjunction with the accompanying drawings, illustrating by way of example

the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram that illustrates the computer systems

that may implement the present invention;
Figure 2 includes Figure 2A and Figure 2B;
Figure 2A is a block diagram that illustrates areas;

Figure 2B is a block diagram that illustrates the star schema

configuration used with an embodiment of the present invention;

Figure 3 is a block diagram that illustrates an area with a large

number of objects;

Figure 4 is a block diagram that illustrates minimizing the objects

throughout a graphical display;
Figure 5 is a block diagram that illustrates expanding an area;

Figure 6 is a block diagram that illustrates expanding an area and

adjustment of objects;

Figure 7 is a block diagram that illustrates contracting an area and

adjustment of objects;

Figure 8 is a flow diagram that illustrates the present invention;

and

Figure 9 is a block diagram of a computer system suitably configured

for employment of the present invention.

In the following detailed description and in the several figures of

the drawings, like elements are identified with like reference numerals.
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DETAILED DESCRIPTION OF THE INVENTION

As shown in the drawings and for purposes of illustration, an
embodiment of the invention efficiently presents typically large amounts
of entity information with a graphical display that retains all or most of
the relevant contextual information and minimizes distortion of the
graphical display. Existing systems have not been able to sufficiently
improve the graphical display of a typically large number of objects that
represent data entities. The objects may be used with data analysis
techniques such as data mining of relational database information,
multidimensional data, and OLAP data. The present invention may be
implemented with a graphical display having at least one area that
includes objects. The present invention enables users to analyze large
amounts of data represented as objects in the graphical display by
partitioning the graphical presentation into areas and by allowing
manipulation of objects within each area as a unit. That is, the objects
are manipulated independently of objects in other areas. This provides
added flexibility when attempting to present many objects concurrently.
Further, an embodiment of the present invention enables efficient analysis
of data represented in the graphical display by minimizing distortion of
the text in the graphical display, retaining contextual information
associated with data objects in the graphical display, and positioning the

objects to optimally represent relational database associations.

Figure 1 is a block diagram that illustrates the computer systems
that may operate with the present invention. As shown in Figure 1 and in
element 100, the preferred embodiment of the present invention may operate
in a networked computer system configuration. Therefore, a client
computer system 102 may communicate with a server computer system 104
during the operation of the present invention. The object manager module
120 operates in the client computer system 102 or the server computer
system 104 to perform the preferred embodiment of the present invention.
For example, information may be communicated to either the server 104 or
the client 102 via the user interface 117; and may subsequently be used by
the object manager module 120 to display a typically large number of
objects 126 while preserving the contextual information associated with
the objects 126. The user interface 117 may communicate with the
preferred embodiment of the present invention, either via batch input 119
or user input 118. Further, the database 110 may be configured in the
memory 958 of the client 102 or the server 104. Alternatively the
database 110 may be configured in computer storage such as that of a disk

122. Element 958 is described with reference to Figure 9.
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According to the preferred embodiment of the present invention the
object manager module 120 operates by generating a graphical display 128
that preserves contextual information associated with a large number of
objects 126 in at least one area 124. The preservation of contextual
information advantageously enables a user to determine useful
relationships between objects 126 that represent data entities 130. Data
entities 130 may represent associations among things such as objects 126;
and about which data 134 may be stored in a database 110, such as a
multidimensional database 132. Therefore by the operation of the present
invention users may manipulate and analyze a large number of objects 126
and see at a glance the relationship between the objects 126 and the

associated data entity 130.

Figure 2 includes Figure 2A and Figure 2B. Figure 2A is a block
diagram that illustrates areas 124 that include the facts objects 204 and
the dimension objects 208. Facts objects 204 may include facts tables
203, such as the one illustrated in Figure 23, that typically include
measurement data 205. Dimension objects 208 may include dimension tables
209 that typically include attribute data 211. Relational database 110
operations, such as “join,” may be performed on tables, such as facts
tables 203 and dimension tables 209. The fact tables 203 hold measurement
data 205 that is typically numerical data 134. The dimension tables 209,
such as the one illustrated in Figure 2A, hold attribute data 211 that méy
be either numerical or character format. Further, an area 124 is used in
the preferred embodiment of the present invention to identify an affinity
between associated objects 126 in the area 124. In a star schema
configuration 202 the attribute data 211, such as specific information
about product markets or product identification descriptors, that is a
represented in a row in the dimension table 209 is used to identify
columns in a facts table 203. Elements 110 and 134 are described with
reference to Figure 1, and element 202 is described with reference to

Figure 2B.

Figure 2B is a block diagram that illustrates the star schema
configuration 202. The preferred embodiment of the present invention
expands some objects 126 that represent entities 130 while also presenting
other non-expanded objects 126 within the graphical display 128. The
preferred embodiment of the present invention may rely on a typical star
schema 202 that includes a facts object 204 in the center of the display
surrounded by dimension objects 208. The terms “star schema” and “star
schema configuration” will be used interchangeably herein. Elements 126,

128, and 130 are described with reference to Figure 1.
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A star schema 202 is a named collection of objects 126. For example
a star schema 202 may include a facts object 204 containing a facts table
203, such as the TBC.FACT Table 210. A dimension object 208, such as the
Product_Dimension Object 220 may include specific dimension tables 209,
such as TRC.ATTRIBUTE_OUNCES Table 222, TBC.LOOKUP_PRODUCT Table 224, and
TBC.ATTRIBUTE_PACKAGE Table 226. Other dimension objects 208 included in
the present example are Market_Dimension Object 212, Time Dimension Object
214, and Scenario_Dimension Object 218. The dimension objects 208
intersect the facts object 204 via common columns and one dimension table
209 is associated with a column in the fact table 203 corresponding to
each of the rows in the dimension tables 209. In the present example, the
fact table 203 is joined to one or more dimension tables 209 according to
specified relational or conditional operations. Element 134 is described
with reference to Figure 1, and elements 203 and 209 are described with

reference to Figure 2A.

A novel embodiment of the present invention takes advantage of the
star schema configuration 202 to manage the enlargement of objects 126 in
a particular area 124 within a graphical display 128. For example, an
area 124 may include the Market_Dimension Object 212 and the
Time Dimension Object 214. The affinity of objects 126 in the same area
124 is recognized and exploited by an embodiment of the present invention
that modifies objects 126 that are contained in the area 124 that includes
an expanded object 126. Since the star schema configuration 202 may be
represented by a series of areas 124, the preferred embodiment of the
present invention illustrates affinity between assoclated objects 126
within a star schema configuration 202 by manipulating and modifying the

graphical representation of objects 126 in areas 124.

Figure 3 is a block diagram that illustrates a graphical display 128
with a large number of objects 126 and some of the problems of the past.
In the past graphics tools have represented objects 126 with figures, such
as rectangle displays. By further means of example, an object 126 may
represent a data entity 130 such as a facts table 203 or a dimension table
209 in a relational database 110. An object 126 may alternatively
represent OLAP data 134. The objects 126 are displayed so that they
present such relationships. Given the large amount of OLAP data 134
associated with databases 110, such as multidimensional databasesl32,
there may be many objects 126 in the graphical representation 128. The
problems caused by manipulation of objects 126 during analysis of the data
entities 130 in the graphical display 128 include obscuring some of the

objects 126, impairing legibility of some of the objects 126, and loosing
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the contextual reference of the objects 126. Elements 110, 124, 126, 130,
132, and 134 are described with reference to Figure 1, and elements 203

and 209 are described with reference to Figure 2.

In the present example, the following objects 126 are represented:
Product_Dimension Object 220, Scenario_Dimension Object 218, Sales_Fact
Object 302, Supplier_Dimension Object 304, Market_Dimension Object 212,
and Accounts_Dimension Object 306. The difficulty associated with
allowing the user to move objects 126 is that other objects 126 may be
blocked by the recently moved object 126. For example as shown in element
308, the expanded Market_Dimension Object 212 is represented by
information about the Market Details table 309. The expanded
Market_ Dimension Object 212 obscured another Market Dimension Object 212,
as shown in element 308. Even though enabling movement of objects 126
enhances the flexibility in the graphical display 128, the user must
constantly reposition the objects 126 as they become blocked during
expansion and minimization of other objects 126. This tends to reduce
contextual information included in the graphical display 128. This also
may require the user to iteratively expand and minimize objects 126 to
recover the information about the contextual relationship of the moved
objects 126.

Figure 4 is a block diagram that illustrates minimizing the objects
126 throughout the graphical display 128. Since the objects 126 may be
manipulated by techniques such as enlarging, minimizing, andAmoving, one>
approach of the past is to minimize the objects 126 throughout the
graphical display 128 to facilitate analysis of typically large amounts of
data 134 represented by the objects 126. In the present example, the
following three areas 124 represent the partitioning of a large number of
objects 126: the left area 404, the center area 406, and the right area
408. Elements 124, 126, and 134 are described with reference to Figure 1.

Further, in the present example, the objects 126 in the left area
404 are: Product_Dimension Object 220, Time_Dimension Object 214, and
Country Dimension Object 410. The objects 126 in the right area 408 are:
Market Dimension Object 212 and Scenario_Dimension Object 218. The Facts
Object 204 is represented in the center area 406. By means of example,
data analysis is typically facilitated by scrolling the graphical display
128. During scrolling some of the objects 126 may not be visible to the
user, thereby losing the contextual reference of those objects 126.
Therefore, the objects 126 may be minimized to facilitate viewing of the

objects 126 during scrolling or other data analysis techniques. However,
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the minimization of the objects 126 throughout the graphical display 128
may result in the text within the individual objects 126 being rendered
too small to read so that the user must repeatedly zoom in to see details
of the objects 126 and zoom out to view the contextual relationship of the
objects 126. Therefore, the minimization of the objects 126 in the
graphical display 128 may result in the indiscriminate reduction in the

size of individual objects 126 and the loss of contextual informatiom.

In the preferred embodiment of the invention, and as illustrated
with reference to Figures 4 - 7, the point of origin 514 for movement of
objects 126 is the upper left corner of the graphical display 128. It
will be appreciated that another point of origin 514 could be used to
practice the present invention without departing from the spirit of the
invention. Further, it will be appreciated that the present invention may
be embodied in a graphical display 128 that represents greater than two
dimensions. Therefore the movement may be in vertical, horizontal, or

other directions. Element 514 is described with reference to Figure 5.

Figure 5 is a block diagram that illustrates the preferred
embodiment of the present invention when expanding an area 124, such as
the left area 404. The preferred embodiment of the present invention
novelly splits the graphical display 128 into areas 124: a left area 404,
a center area 406, and a right area 408. The facts object 204 is placed
in the center area 406 and the dimension objects 208 are distributed
between the left area 404 and the right area 408. While the present
example represents a star schema configuration 202 with three areas 124,
it will be understood that the present invention may operate on a
different number of areas 124, either less than or greater than three
areas 124. Element 124 is described with reference to Figure 1, elements

202 and 208 are described with reference to Figure 2.

Data analysis may be facilitated by operations such as scrolling,
zooming, and moving objects 126 in a graphical display 128. Such
operations may require enlarging and minimizing the objects 126. When an
object 126 is enlarged the preferred embodiment of the present invention

novelly recognizes that the associated objects 126 in the same area 124

will also be analyzed and therefore the preferred embodiment of the

present invention modifies the associated objects 126 to facilitate such
analysis. When an area 124 under analysis is enlarged, the operation of
the present invention causes the position of neighboring areas 124 to be
adjusted to preserve contextual information and minimize distortion of the

objects 126, typically by moving the neighboring areas-124 to create more
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space on the graphical display 128 for the enlarged area 124. This
retains much of the contextual information in the enlarged area 124
thereby enhancing the presentation of the data 134 for use in data
analysis operations such as data mining. By means of further example, the
center area 406 and the right area 408 are moved to the right in order to
create more space for the newly enlarged left area 404. The right area
408 may be moved so far to the right that it is no longer contained in the
viewing area of the graphical display 128. Since the objects 126 in the
left area 404 are being analyzed and those in the right area 408 are not
being analyzed, this advantageous repositioning of objects 126 facilitates
data analysis. Elements 126, 128, and 134 are described with reference to

Figure 1.

For example, when the Product_Dimension Object 220 is enlarged, the
associated left area 404 is enlarged. In thé present example the
following objects 126 in the left area 404 are also moved downwards to
accommodate the newly enlarged Product_Dimension Object 220:
Time_Dimension Object 214 and Country Dimension Object 410. Also, the
objects 126 in the center area 406 and the right area 408 are moved
downward since they are vertically aligned within their areas 124 toward
the center of the graphical display 128. That is, the new vertical
movement of the objects 126 in the center area 406 and the right area 408
realigns these objects 126 with the newly aligned objects 126 in the left
area 404. By expanding and repositioning the representation of objects
126 in the left area 404, analysis of the objects 126 in the left area
404, which is presumably undergoing increased data analysis, is
facilitated.

Also and in the preferred embodiment of the present invention the
center area 406 and the right area 408 are moved to the right. The
movement to the right accommodates the increase in the size of the left
area 404. Further, since the point of origin 514 is the upper left corner
and biasing objects 126 to the center of the graphical display 128 enables
efficient representation of connection lines 512, the objects 126 in the
left area 404 are right aligned. That is, since the preferred embodiment
of the present invention operates with a star schema configuration 202,
the justification of objects 126 within each area 124 that biases toward
the center optimizes the placement of the objects 126 in the graphical
display 128 for “join” representations associated with the star schema
configuration 202 and illustrated herein by connecting lines 512.
Therefore the rightward movement of each area 124 facilitates the right

alignment of objects 126 in the left area 404. In the present example the
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objects 126 in the left area 404, such as the Time_Dimension Object 214
and the Country_Dimension Object 410, are moved to the right to maintain
the alignment that facilitates representation of a star schema
configuration 202. Also, in the present example the following objects are
moved to the right: Facts Object 204, Market_Dimension Object 212, and
Scenario_Dimension Object 218. Element 124 is described with reference to

Figure 1, and element 202 is described with reference to Figure 2.

The present invention may operate in a recursive fashion, adjusting
the size or position of an area 124 based on manipulating an object 126
contained within the area 124. The manipulated object 126 may be
contained within another additional object 126 or area 124. Therefore, by
means of example, when the Special_Product_Dimension Object 502 is
manipulated, the position and size of the Product_Dimension Object 220 may
be changed to accommodate the change to the Special_Product_Dimension
Object 502. Changing the size or position of the Product_Dimension Object
220 may subsequently change the other areas 124 in the graphical display
128

Figure 6 is a bléck diagram that illustrates expanding the right
area 408, and aligning and adjusting the horizontal and vertical positions
of the objects 126 within the graphical display 128. In this example, the
left area 404 has already been expanded, as described with reference to
Figure 5. Therefore, when the Scenario_Dimension Object 218 that is
contained in the right area 408 is expanded, the entire right area 408 is

expanded.

As objects 126 in the right area 408 are expanded or reduced the
associated area 408 is enlarged or reduced, and objects 126 within the
area 408 are moved to ensure the proper justification with respect to
horizontal position is maintained. 1In the preferred embodiment of the
present invention the objects in the right area 408 are left justified,
the objects 126 in the center area 406 are center justified, and the
objects 126 in the left area 404 are right justified. Elements 124 and

126 are described with reference to Figure 1.

Also, as objects 126 in the right area 408 are expanded the objects
in the right area 408 are moved upwards or downwards to ensure proper
vertical justification of the objects 126 in the graphical display 128.
Therefore, in the present example, the Scenario_Dimension Object 218 is

moved downward and the Market_Dimension Object 212 is moved upward.
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The right area 408 may be adjusted on the graphical display 128 to
accommodate newly expanded objects 126 within the right area 408.
Therefore, the graphical display 128 includes an expanded view of both the
right area 408 and the associated objects 126, and the left area 404 and
the associated objects 126. The associated objects 126 of the left area
404 include: Product_Dimension Object 220, Time_Dimension Object 214, and
Country_Dimension Object 410, and the center area 406 includes the facts
object 204.

Figure 7 is a block diagram that illustrates reducing the space
allocated to the left area 404, and aligning and adjusting the position of
objects 126 within the graphical display 128. Assuming that the left area
404 was previously expanded, as described with reference to Figure 5, and
that the Product_Dimension Object 220 has now been reduced in size,
according to the preferred embodiment of the present invention the
assoclated left area 404 will be adjusted to reflect the space required
for adequate graphical display. Therefore by further means of example the
left area 404 is reduced in size and the following associated objects 126
within the left area 404 that have not been expanded retain their previous
size: Time Dimension Object 214 and Country Dimension 410. Element 126

is described with reference to Figure 1.

Also, both the center area 406 and the right area 408 are moved to
the left as a result of reducing the size of the left area 404. Further/

the center area 406 that contains the Facts Object 204 remainsg minimized

in size. Also, the right area 408 and the following associated objects
126 remain unchanged in size: Market_Dimension Object 212 and

Scenario_Dimension Object 218.

Figure 7 also illustrates the preferred embodiment of the present
invention in which the objects 126 are vertically aligned and adjusted
within the graphical display 128. Therefore, by means of explanation,
since some of the objects 126 in the left area 404 have been reduced in
size, and therefore vertical alignment of the objects 126 has been changed
and the objects 126 in the left area 404 have been moved upwards. Now, to
accommodate the new vertical position of the objects 126 in the left area
404, the objects in the center area 406 and the right area 408 are also
move upwards. Therefore, in this instance, the Market_Dimension Object
212 and the Scenario_Dimension Object 218 have been moved upwards within
the right area 408, and the Facts Object 204 has been moved upwards within

the center area 406.
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Figure 8 is a flow diagram that illustrates the preferred embodiment
of the present invention that improves the graphical display 128 of a
large number of objects 126 that may be used with data analysis techniques
such as data mining of relational database 110 information,
multidimensional database 132 information, and OLAP data 134. Initially,
as shown in element 802, the entities 130 in a collection of data 134 are
identified. Then as shown in element 804 the entities 130 are mapped to
objects 126. Next, as shown in element 806 the objects 126 are
represented in the graphical display 128. According to a preferred
embodiment of the present invention and as shown in element 808, the
objects 126 are associated with at least one area 124. For instance,
objects 126 in one area 124 may be associated -with objects 126 in another
area 124 by connecting lines 512. Then, as shown in element 810, as
necessary to respond to manipulation of an object 126 within the area 124
other objects 126 within the same area 124 are manipulated by moving and
aligning the objects 126 thereby minimizing graphical display distortion
and retaining contextual information of the objects 126 within the area
124. Also, the area 124 may be reduced or enlarged in size to retain
contextual information about the data 134 associated with the objects 126
in the area 124. Further and as shown in elemént 812, areas 124 may be
moved in the graphical display 128 to accommodate change in the area 124
containing the manipulated object 126. As shown in element 814, when
other areas 124 are moved, the position of the objects 126 within the
other areas 124 may be adjusted, both in the horizontal direction and in

the vertical direction, to accommodate the new position of objects 126 in

the area 124 that underwent a size change. Elements 110, 124, 126, 128,

130, 132, and 134 are described with reference to Figure 1, and element

512 is described with reference to Figure 5.

Figure 9 is a block diagram of a computer system 900, suitable for
employment of the present invention. System 900 may be implemented on a
general-purpose microcomputer, such as one of the members of the IBM
Personal Computer family, or other conventional workstation or graphics
computer devices. In its preferred embodiment, system 900 includes a user
interface 905, a user input device 910, a display 915, a printer 920, a
processor 955, a read only memory (ROM) 950, a data storage device 122,
such as a hard drive, a random access memory (RAM) 940, and a storage
media interface 935, all of which are coupled to a bus 925 or other
communication means for communicating information. Although system 900 is
represented herein as a standalone system, it is not limited to such, but
instead can be part of a networked system. The computer system 900 may be

connected locally or remotely to fixed or removable data storage devices
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122 and data transmission devices 945. For example, the server computer
system 104 and the client computer system 102 also could be connected to
other computer systems 900 via the data transmission devices 945.

Elements 102 and 104 are described with reference to Figure 1.

The RAM 940, the data storage device 122 and the ROM 950, are memory
components 958 that store data and instructions for controlling the
operation Qf the processor 955, which may be configured as a single
processor or as a plurality of processors. The processor 955 executes a
program 942 to perform the methods of the presént invention, as described

herein.

While the program 942 is indicated as loaded into the RAM 940, it
may be configured on a storage media 930 for subsequent loading into the
data storage device 122, the ROM 950, or the RAM 940 via an appropriate
storage media interface 935. Storage media 930 can be any conventional
storage media such as a magnetic tape, an optical storage media, a compact
disk, or a floppy disk. Alternatively, storage media 930 can be a random
access memory 940, or other type of electronic storage, located on a

remote storage system.

Generally, the computer programs and operating systems are all
tangibly embodied in a computer usable device or medium, such as the
memory 958, the data storage device 122, or the data transmission devices
945, thereby making an article of manufacture, such as a computer program
product, according to the invention. As such, the terms “computer program
product” as used herein are intended to encompass a computer program

accessible from any computer usable device or medium.

Moreover, the computer programs 942 and operating systems are
comprised of instructions which, when read and executed by the server
computer system 104 and the client computer system 102, cause the server
computer system 104 and the client computer system 102 to perform the
steps necessary to implement and use the present invention. Under control
of the operating system, the computer programs 942 may be loaded from the
memory 958, the data storage device 122, or the data transmission devices
945 into the memories 958 of the server computer system 104 and the client

computer system 102 for use during actual operations.

User interface 905 is an input device, such as a keyboard or speech
recognition subsystem, for enabling a user to communicate information and

command selections to the processor 955. The user can observe information
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generated by the system 900 via the display 915 or the printer 920. The
user input device 910 is a device such as a mouse, track-ball, or joy
stick that allows the user to manipulate a cursor on the display 915 for
communicating additional information and command selections to the
processor 955. Those skilled in the art will recognize many modifications
may be made to this configuration without departing from the scope of the

present invention.

When operating in accordance with one embodiment of the present
invention, the system efficiently presents large amounts of entity 130
information within the graphical display 128 that retains all or most of
the relevant contextual information. The processor 955 and the program
942 collectively operate as a module for fast and efficient presentétion
of a large amount of data 134 that enables efficient analysis of the data
134. Further the data 134 is presented via objects 126 in a graphical
display 128 so that analysis of the data 134 is improved by minimizing
distortion of the text in the graphical display 128, retaining contextual
information associated with data objects in the graphical display 128, and
positioning the objects 126 to optimally represent relational database
associations. It will be appreciated that the present invention offers
many advantages over prior art technigques. Elements 126, 128, 130, and

134 are described with reference to Figure 1.

The present invention is typically implemented using one or more
computer programs,‘each of which executes under the control of an
operating system and causes the server computer system 104 and the client
computer system 102 to perform the desired functions as described herein.
Thus, using the present specification, the invention may be implemented as
a machine, process, method, system, or article of manufacture by using
standard programming and engineering techniques to produce software,

firmware, hardware or any combination thereof.
Trademarks

IBM and DB2 are trademarks of International Business Machines

Corporation in the United States, other countries, or both.
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CLAIMS

1. A computer-implemented method, said computer having a graphical display
that includes at least one object that is associated with data, said

method comprising:

displaying said at least one object in at least one area in said

graphical display:;
accepting input that re-sizes said at least one object;

re-sizing said display of said area that includes said re-sized at
least one object such that if the at least one object is enlarged the
display of said area is enlarged, whilst if the at least one object is

reduced the display of said area is reduced; and

moving said display of said at least one object that is not included in
said re-sized area, thereby enabling efficient analysis of said data
associated with said at least one object that is included in said re-sized

area.

2. The computer-implemented method of Claim 1 further comprising

including vertical movement in said movement of said at least one object.

3. The computer-implemented method of Claim 1 further comprising
including horizontal movement in said movement of said at least one

object.

4. The computer-implemented method of Claim 1 further comprising:
including said at least one moved object in another said area; and
aligning said at least one moved object within said another area.

5. The computer-implemented method of Claim 1 further comprising

including at least one additional object that is associated with said data

within said at least one object thereby enabling efficient analysis in a

recursive manner of said data associated with said at least one additional

object.
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6. The computer-implemented method of claim 1 wherein said graphical
display includes at least two objects and shows a relationship between

said at least two objects, and wherein:

sald displaying step displays said at least two objects in said at

least one area; and

said accepting step accepts input that re-sizes at least one of said at

least two objects;

said re-sizing step re-sizes said display of said area that includes

said re-sized at least one of at said least two objects; and

said moving steps moves at least one of said at least two objects that
is not re-sized thereby showing said relationship between said at least

two objects.

7. The computer-implemented method of Claim 6, further comprising

aligning said at least one moved object within said area.
8. The computer-implemented method of Claim 6, further comprising:

including at least one object in said graphical display that is not

included in said re-sized area; and

moving said at least one object not included in said re-sized area,
thereby retaining said displayed relationship of said at least two objects

that are included in said re-sized area.

9. The computer-implemented method of Claim 8 further comprising
displaying said relationship on said graphical display by including at
least one connecting line that connects said at least one object in said
re-sized area with said at least one object that is not included in said

re-gized area.

10. The computer-implemented method of Claim 6 further comprising

configuring said graphical display as a star schema.

11. The computer-implemented method of Claim 6, said computer having data
and at least two entities that are collections of said data, the method
further comprising representing said at least two entities with saild at

least two objects.
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12. A computer system for enabling efficient analysis of data in said
computer system, said computer having a graphical display that includes at
least one object that is associated with said data, said computer system

comprising:

means for displaying said at least one object in at least one area

in said graphical display;
means for accepting input that res-sizes said at least one object ;

means for re-sizing said display of said area to accommodate said
re-sized at least one object such that if the at least one object is
enlarged the display of said area is enlarged, whilst if the at least one

object is reduced the display of said area is reduced, ; and

means for moving said display of said at least one object that is
not included in said res-sized area to accommodate sald re-sized area,
thereby enabling efficient analysis of said data associated with said at

least one object that is included in said re-sized area.

13. The computer system of Claim 12 wherein said at least one object is

vertically moved to accommodate said re-sized at least one object.

14. The computer system of Claim 12 wherein said at least one object is

horizontally moved to accommodate said re-sized at least one object.

15. The computer system of Claim 12 further comprising means for moving
said at least one object that is included in another said area and
aligning it within said another area to accommodate said re-sized at least

one object.
16. The computer system of Claim 12 further comprising:

means for including at least one additional object that is
associated with said data within said at least one object thereby enabling
efficient analysis in a recursive manner of said data associated with said

at least one additional object.

17. A computer system according to claim 12 wherein said graphical
display includes at least two objects and shows a relationship between

said at least two objects, and wherein:
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said means for displaying displays said at least two objects in said at

least one area;

said means for accepting input accepts input that re-sizes at least one

of said at least two objects;

said means for moving moves said at least one of said at least two
objects that is not re-sized and that is moved to accommodate said
re-sized object, thereby showing said relationship between said at least

two objects.

18. The computer system of Claim 17, wherein said at least one moved

object is aligned within said area.

19. The computer system of Claim 17, wherein further comprising:

means for including at least one object in said graphical display that

is not included in said enlarged area; and

means for moving said at least one object in said graphical display
that is not included in said enlarged area to accommodate said re-sized
area, thereby retaining said displayed relationship of said at least two

objects that are included in said re-sized area.

20. The computer system of Claim 19 further comprising

means for displaying said relationship on said graphical display by
including at least one connecting line that connects said at least one
object in said re-sized area with said at least one object that is not

included in said re-sized area.

21. The computer system of Claim 17 further comprising said graphical

display being configured as a star schema.

22. The computer system of Claim 17, said computer having data and at
least two entities that are collections of said data, the computer system
further comprising means for representing said at least two entities with

said at least two objects.

23. An article of manufacture comprising a computer program usable medium
embodying one or more instructions executable by said computer for

carrying out a method according to any of claims 1 to 11.
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